Many heavy metals are essential for human biological functions, but some heavy metals, especially at high concentrations, can have toxic, carcinogenic and/or teratogenic effects in humans. South Africa is the world's largest reserve of minerals and due to extensive mining activity, air and water pollution occurs [1, 2] . Metal exposure occurs mostly through the ingestion of contaminated water; used for drinking, cooking and for agricultural purposes [3] . In this study the effect of heavy metals, cadmium (Cd) and chromium (Cr) were evaluated due to the high risk of exposure in South Africa. In recent studies, high levels of Cd and Cr were found in rivers and dams in several provinces in South Africa [4] [5] [6] . The most vulnerable population to be affected by heavy metal exposure is pregnant women with developing embryos and young children living in rural communities. In the human body, Cd and Cr are metabolized differently, but the consequences are similar namely oxidative stress that leads to DNA damage, apoptosis and lipid peroxidation [7] [8] [9] . Thus, the purpose of this study was to evaluate the ultrastructural effects of Cd and Cr on liver tissue by using the in ovo model. Analytical techniques energy dispersive spectroscopy (EDS) and electron energy-loss spectroscopy (EELS) were used to confirm the presence of these metals in liver tissue.
Fertilized Broiler hatching eggs were obtained from a local farm in Bronkhorstspruit, Gauteng, South Africa. On the third day the eggs were exposed to 50μℓ of CdCl 2 at 0.074μg/mℓ [physiological dose (PD)] or 74μg/mℓ (x1000 PD) and 50 μℓ of K 2 Cr 2 O 7 at 0.7g/mℓ (PD) or 700μg/mℓ (x1000 PD) (n=15), dissolved in sterile water [10, 11] . Control eggs (n=15) were exposed to sterile water only. On day fourteen the embryos were terminated, the livers were removed and were prepared for transmission electron microscopy. Sections were viewed with a JEOL 2100F transmission electron microscope (TEM) and changes to hepatocyte, nucleus and mitochondria morphology were evaluated. To confirm the presence of intracellular Cd and Cr, EDS (JEOL 2100F TEM) and EELS (Tecnai HR F20 TEM) analysis were performed.
The hepatocytes of the control group had normal hepatocyte ultrastructural morphology. Hepatocytes of the Cd PD group were similar to the control with normal evenly dispersed nuclear chromatin, no mitochondrial damage and intact nuclear and cellular membranes. In contrast the Cd x1000 PD group (Fig. 1 A) showed major alterations in morphology with irregular chromatin condensation, damaged or absent organelles as well as ruptured cellular membranes. The hepatocytes in the Cr PD group showed no damage, but the mitochondria showed normal to mild inner matrix swelling. Likewise in the Cr x1000 PD group, indicated by figure 1 B, the chromatin was evenly arranged and the cellular and nuclear membranes were intact with only slight damage to the mitochondrial membrane.
Evaluation of the presence of Cd and Cr in the hepatocytes with EDS provided questionable results. In contrast with EELS analysis, clear and reproducible electron spectral imaging (ESI) micrographs of metal distribution were obtained. EELS analysis revealed the presence of both Cd and Cr in the nuclei and mitochondria of the hepatocyte of the Cd x1000 PD (Fig. 1C) and Cr x1000 PD (Fig. 1 D) groups. The accumulation of these metals especially in the nucleus and mitochondria, indicates a possible binding affinity to the negatively charged backbone of DNA leading to altered gene and subsequent protein expression and subsequent embryo toxicity.
In conclusion, no observable differences between the PD groups and control were found, Cd x1000 PD was more toxic than the Cr x1000 PD groups and the EELS analysis confirmed these findings due to the accumulation of the metals in the nucleus and mitochondria of the hepatocytes [12] .
Figure 1:
TEM and EELS micrographs of liver tissue exposed to Cd x1000 PD and Cr x1000 PD. Figure A and B indicate alterations to the typical morphology of the nucleus (Fig. A) and mitochondria (Fig. B) of the hepatocytes in the Cd x1000 PD and Cr x1000 PD respectively. 
